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Abstract. Across English Language Arts classrooms in the United States many
students experience low reading comprehension and struggle to stay engaged
with their learning while working independently [1]. Our cross-functional team
partnered with middle school teachers and students to develop an educational
tool that provides reading skills support. Through three design thinking stages, we
present ourmethod, experiences, and initial outcomes developing a reading tool for
middle school English Language Arts classrooms. In Stage One, we empathized
with users to understand their needs and pain points and identified the problem
statement: students often do not work well independently and struggle to stay
engaged with reading. In Stage Two, we explored design solutions to address the
problem statement and engaged in iterative prototyping. At the end of this stage,
we developed an alpha version of our reading tool that included both annotation
and reading comprehension check features. In Stage Three, we conducted initial
user testing and evaluation of the tool inmiddle school classrooms (Teacher N= 3;
Student N= 171). Teachers found they were able to implement the tool flexibly to
fit their planned lessons and instruct students at different reading levels. Students
worked independently with the tool, reported that it was usable, and perceived
it would improve their reading comprehension. Overall, this study shows how a
tool with annotation and metacognitive-check features can support students in the
classroom, and offers next steps for the development of effective reading tools.
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1 Introduction

Low reading literacy among middle school students is a problem across the United
States. In 2019, 66% of 8th grade students read below a proficient level [2], and 27%
of those were below the basic level. Given the breadth of the reading skills needed to
be a proficient reader and the abundance of work in this area, there are many competing
theories, practices, and technologies. We engaged in a grounded, user-centered design
approach, and present work leading up to and including an initial implementation of our
tool in classrooms.
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1.1 Method Overview

Our interdisciplinary team implemented two key approaches to develop a solution to
support reading comprehension skills of struggling middle school readers: (1) user-
centered design [3] and (2) grounding in science and practice [4].While both approaches
have been usedwidely, their combination to address reading literacy in themiddle school
classroom created unique opportunities, challenges, andmethodological choices that our
team learned from, and we expect others could incorporate into their work.

In Stage One of the design thinking process we engaged in a discovery process
by conducting interviews with teachers and students to identify pain points and needs.
In Stage Two we explored potential design solutions rooted in learning science and
instructional design principles, and conducted frequent user tests to develop an alpha
version of the reading tool. Finally, in Stage Three, we conducted an alpha study of the
tool in classrooms with teachers and students to evaluate perceptions of usability and
preliminary evidence of effectiveness. All studieswere approved by IRB and participants
completed informed consent (see Stage Three for full study ethics).

2 Stage One: Empathize with Users and Define Problem

The work in stage one aligned with the first step in the HCI Design Process: research
and requirements gathering. We conducted surveys (n = 31), focus groups (n = 27),
and journey map interviews (n = 4) with middle school English Language Arts (ELA)
teachers. We also conducted surveys with students (n= 47). The two main outcomes of
StageOnewere developing an empathymap to understand teacher and student needs and
pain points, and using those to develop a problem statement to guide the development
of the learning solution.

Through empathy mapping, we established that middle school teachers would ben-
efit from support meeting the needs of learners at different levels, helping learners to
get started with their work, helping learners to feel empowered and encouraged to com-
plete work independently, helping learners feel engaged/excited to read, and providing
adequate and appropriate resources.

After summarizing themajor pain points ofmiddle schoolELA teachers and students,
we curated six problem statements and tested them with teachers (n= 3). Teachers rated
how much they identify with the problem statements and edited the problem statements
to align it with their actual needs. After this feedback, the team selected the problem
statement:As a general education 7th-grade ELA teacher, I am discouragedwhenmy low
reading comprehension students do not work well independently because they struggle
to stay engaged with their learning.

3 Stage Two: Explore Design Solutions and Engage Users
in Iterative Prototyping

Equipped with a better understanding of our users’ needs and experiences, in Stage Two,
we explored and collaboratively ideated on potential solutions. The problem statement
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served as our guide throughout this stage. The work in stage two aligned with the second
step in the HCI Design Process: Design and Prototyping.

First, we identified and considered applicable learning science research concerning
reading comprehension, motivation to read, metacognition, and self-regulated learning.
Given that teaching and learning related to middle school literacy is a well-researched
area, we wanted to ensure we incorporated insights from applicable learning science
research into our brainstorming, design thinking, and ideation work. We also reviewed
and incorporated applicable learning design principles (LDPs) and instructional best
practices while exploring design solutions.

To ground our work, we adopted the comprehensive Cognitive Based Assessment of,
for, and as Learning (CBAL) reading framework [5] as our primary learning framework
underpinning design solution exploration. Drawing from the framework, we divided the
reading process into the following dimensions: 1) preparing to read, 2) understanding
the text, 3) digging deeper or going beyond the text, 4) re-representing text information,
and 5) applying and reflecting.

Fig. 1. Screenshots of the ELAborate welcome screen with instructions, the text view with
annotation modal window, and the final theme response box.

Having established a strong learning science and instructional design foundation on
which to build, we ideated and created rapid prototypes. In Stage Two we regularly
conducted studies with students and teachers on our rapid prototypes to evaluate the
extent to which design decisions met their needs. The two key features we decided to
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focus on in the initial prototype were 1) annotation and 2) reading comprehension self-
check questions. Annotating text has positive impacts on student reading comprehension
through reading skill,metacognition, and socio-emotional learning [6]. Reading compre-
hension checks presented with the text have positive impacts on reading comprehension,
metacognition, and socio-emotional mechanisms [5].

Through exploration of design solutions and iterative, rapid prototyping, we inte-
grated insights from learning sciences research and instructional design principles with
the expertise of our users to create a functional prototype – ELAborate. In ELAborate
(Fig. 1), students: 1) view a demo video to help them understand how to use the tool as
well as the assignment instructions [7], 2) answer a guiding question [8], 3) read the text
while annotating via hashtags, highlights, and comments and review their annotations as
needed [9], 4) answer reading comprehension check questions [10], and 5) write a brief
summary about the story’s theme [11]. ELAborate had a single text, Thank you M’am
by Langston Hughes.

4 Stage Three: Initial Testing and Evaluation

In stage three, we conducted an alpha study of our prototype (ELAborate) to determine
the extent to which it was able to address needs identified in our problem statement.
The work in stage three aligns with the third step in the HCI Design Process: evaluating
designs.

4.1 Research Questions

Study goal 1 asked how do teachers choose to use the tool? There were two research
questions associated with this goal: 1) do teachers implement the tool in similar ways,
and 2) why did teachers implement the tool in the way they did? Study goal 2 asked how
students and teachers perceive the tool? There were two research questions associated
with this goal: 1) do users perceive the tool as usable, and 2) do users perceive the tool
as improving reading comprehension? For each research question, the prediction was
that there would be supporting evidence to support these questions, because ELAborate
was designed specifically to address these constructs. However, a main purpose of Stage
Three is to identify areas for improvement and optimization, so below we also use
exploratory analyses to probe when there is negative evidence for a research question.

4.2 Method

The studywas conducted inmiddle school (7th&8thgrade)ELAclassrooms.ELAborate
was implemented as a regular classroom activity. There were three teachers in the study,
with a total of 9 classes. A total of 171 students participated in at least a portion of
the classroom activities. Data collection was remote, and we only had contact with
teachers. Teachers chose how to implement the tool into their classroom instructions
and additional activities for their class around the reading. Teachers were paid $100
per hour for participation outside of classroom (e.g., training and interviews). Schools
were compensated $20 per student who completed the study. The full study design was
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approved by IRB, and approvalwas received for each school using their district protocols.
All participation was voluntary, and participants consented to participate. Students used
anonymous participant IDs assigned by teachers throughout the study, so all student data
was deidentified throughout the study. Teacher data was deidentified upon completion
of the study.

Students completedmultiple surveys in addition to their engagement with the ELAb-
orate prototype. Before using ELAborate, students were asked five questions to gauge
their motivation, reading habits, and comfort with technology. While reading, students
were given the goal of identifying the themeof the story.Use of the annotation featurewas
optional, but all reading check questions had to be answered correctly before moving on.
After using the tool, students completed usability items (System Usability Scale [SUS;
12], and perception of impact items. The perception of impact questions gathered stu-
dents’ agreement (1= Strongly disagree, 5= Strongly agree) that ELAborate supported
six outcomes the tool was designed to address: Overall text comprehension, vocabulary,
ability to annotate, motivation, engagement, and independent reading. Students also
rated agreement (1 = Strongly disagree, 4 = Strongly agree) with two reading assign-
ment specific items: needed support from teacher to understand 1) plot and 2) theme.
Teachers participated in follow-up interviews to discuss the implementation of the tool.

For teacher interviews, we conducted a thematic analysis. The implementation
themes were flexibility of implementation and logistics of implementation. We present
descriptive statistics for the survey items to illustrate the trends in the data. Additionally,
we use correlations and Bayes factors as exploratory analyses to probe the data. Finally,
where applicable, we present the interview and survey data together to put the survey
results in context.

4.3 Results

Study Goal 1: Teacher Implementation. (1) Do teachers implement the tool in similar
ways, and (2) why did teachers implement the tool in the way they did? All teachers
in this study implemented the tool differently. There were some similarities, such as
completing most of the reading independently. Notably, all teachers provided different
levels of support and structure during the reading component. As such, the key outcome
here is that teachers found the tool flexible to different implementations, and the tool
did not create limitations on their implementation plans.

Teachers who gave their students the most freedom to complete the reading inde-
pendently stated that they wanted to understand how students would naturally use the
tool. However, one of these teachers changed their implementation based on the reading
level of their students. For example, they varied how much annotation demonstration
they did. Another teacher chose to scaffold their students through the first use of the
tool in order to increase the likelihood they would understand how to use all the tool
features. They also indicated that with future uses they would increase the amount of
independent work in ELAborate.

Study goal 2: Perception of Usability and Impact of Reading Comprehension. (1)
Do users perceive the tool as usable? Overall, students gave the tool high usability
ratings. This aligned with teachers’ perceptions that the tool was easy for students to



32 J. P. Hutson et al.

use. The System Usability Scale (SUS) score for ELAborate was in the “Good” range
(M = 74.14; SD = 15.23), which is especially high for the first classroom release of
ELAborate. SUS scores did not vary between teachers (BF = .10). ELAborate usability
can still increase, and one feature identified for improvement was that the process to
save annotations was cumbersome for certain students (“I believe it would be easier if
the quotations automatically save as you type them.”).

(2) Do users perceive the tool as improving reading comprehension? Overall, on the
six reading comprehension outcomes completed after using the tool, students perceived
that using ELAborate supported their reading comprehension (Fig. 2A), with each mea-
sure above the neutral point on the scale (p’s< .001). Importantly, these measures were
the same across teachers (BF range .47–.11) with one exception. For working indepen-
dently, one teacher’s students perceived the tool as not having a positive or negative
impact on working independently (BF = 1.53; working independent M = 3.2, SE =
.21). There was not clear evidence to explain this result in the implementation data, but
future work should explore this key outcome from the problem statement.

We ran correlations on the six reading comprehension outcomes, and allwere positive
(p’s< .05; min r = .21; max r = .75). However, annotation is one of the key features of
ELAborate, and critically most of the lower correlations include the item that ELAborate
would support students in “annotating more.” For example, the lowest correlation (r =
.21) is between annotating more and “understood text more,” which using Fisher’s Z
transformation is significantly weaker than the relationship between both vocabulary
and motivation with understanding (p’s < .05). In other words, students perceived that
reading the story in ELAborate supported their comprehension of the story, but that
annotation may have had less of a relationship with comprehension improvements than
other features in the tool. This appears to be driven by students who indicated the tool
allowed for a good understanding of the text (Fig. 2B), such that students who gave high
understanding ratings were more likely to give lower annotation ratings. Future research
with the tool should explore when annotations support comprehension.

Most students indicated they did not need help to understand the plot (M = 1.59) or
theme (M = 1.81) of the story (p’s < .001). However, there was one teacher for whom
students perceived they needed more help compared to the other two classes for both
theme and plot (BF’s> 1084). Importantly, their means were above the midpoint of the

Fig. 2. A. Bar graph of means for the student perceived outcomes items. Error bars are standard
error. B. Scatter plot of the outcomes understood text (x-axis) and annotated more (y-axis).
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scale (PlotM = 2.29; ThemeM = 2.79) and were a full point higher than the next score
on the four-point scale used. One potential reason for this is that this teacher discussed
each page of the story with their students before moving on to the next page, which
suggests implementation can impact perceptions of the impact of the tool.

5 Discussion

How can we help teachers in middle school ELA classrooms support students who are
struggling to read,work independently, and engage in their learning?Wedeveloped a pro-
totype reading tool (ELAborate) for use in classrooms through a three-stage research and
design process of 1) defining a problem statement, 2) designing a prototype, and 3) test-
ing the solution. In this report, we presented the method and key results/outcomes from
an interdisciplinary approach of frequent user testing and grounding solution features in
science and practice.

5.1 Implications

This study has implications both specific to ELAborate and learning tools, and to reading
broadly. For both teachers and students, it was important that the tool gave them flex-
ibility in implementation to fit their needs. However, the way the tool is implemented
is likely to impact its effectiveness, which means it is important for the development
team to understand this relationship and communicate it to teachers to support their
implementation and/or create features in the system to support students while working
independently. Also, students perceived that ELAborate’s features of annotation and
comprehension check questions supported their comprehension overall. However, the
perceived impact of annotation was weaker than some other components. As such, future
work will need to identify the unique impact of annotation features above and beyond
other potential areas for development.

5.2 Conclusion

Our teamdeveloped a unique solution to a highly complex problem (low reading literacy)
in a context with multiple users (students & teachers). Through the discovery phase
we identified annotation and reading comprehension checks as key features to support
student literacy. Initial testing of these features in ELAborate was positive, and identified
future development and research needed to create an effective reading solution. Our
approach to this work had aspects that were unique to the classroom context that we
hope other researchers focusing on classroom challenges can learn from.
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